Introduction {#sec1-1}
============

Exposure to heavy metals has become a common problem throughout the world due to contaminated drinking water, food and air. Arsenic is one of most important metalloid and persists as organic, inorganic and elemental form in nature. Trivalent arsenic species are most toxic than pentavalent arsenic compounds.\[[@ref1]\] Arsenic toxicity results from its ability to interact with sulfhydryl groups of enzymes and disrupt enzymes involved in cellular respiration, that leads to inhibition of glycolysis and Krebs cycle and substitute phosphorus in a variety of biochemical reactions.\[[@ref2]\] Recent findings suggested that exposure to arsenic causes oxidative stress through increased generation of Reactive Oxygen Species and inhibition of antioxidants in the body.\[[@ref3]\] Generally arsenic undergoes hepatic biomethylation to monomethylarsonic acid and dimethylarsinic acids and are potent inhibitors if GSH reductase and causes hepatotoxicity in human and animals.\[[@ref4]\]

Use of medicinal plants possessing potent antioxidant property can help to reduce oxidative stress and hepatotoxicity caused by metals. *Tephrosia purpurea* is a perennial herb found throughout India and belongs to fabaceae family. Phytochemical investigation revealed the presence of flavonoids, glycosides, rotenoids, isoflavones, flavanones, chalcones, flavanols and sterols.\[[@ref5]\] It is commonly used for the treatment of jaundice, dyspepsia, diarrhoea, rheumatism, asthma and urinary disorders.\[[@ref6]\] It is one of most effective ingredients of formulations available in Indian market as liver tonics but literatures regarding the effect of *Tephrosia purpurea* extract against arsenic induced hepatotoxicity are not available. Keeping this in view the present study was designed to evaluate the hepatoprotective activity of this plant against arsenic induced toxicity in wistar albino rats.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Experimental Animals {#sec3-1}

Healthy male and female wistar albino rats (140 to 150 gms) were purchased from Laboratory Animal Research Station, I.V.R.I, Izatnagar, Bareily, U.P, India and housed in propylene cages under standard laboratory conditions (23 ± 2°C, 12 h dark and light cycle, 60% humidity) and allowed for acclimatization for a period of 15 days before starting the experiment. Rats were offered standard diet and water given *ad-libitum* during period of acclimatisation and experiment. The experimental protocol was approved by Institutional Animal Ethical Committee with approval No. 528/RVC/IAEC/119.

### Arsenic Solution {#sec3-2}

Sodium arsenite (Himedia, Bombay, Maharastra) (10 mg/kg) was dissolved in distilled water and orally administered with oral gavage needle to individual animals. The dose was according to the ¼ of oral LD50 of sodium arsenite in rats.\[[@ref7]\]

### Plant Material {#sec3-3}

The aerial parts of *Tephrosia purpurea* were collected, washed with distilled water, shade dried, pulverisedand freshly prepared powder (25 gms) was immersed in hydro-alcoholic solution (40% distilled water + 60% ethanol) in a flask stoppered and was kept at room temperature for 48 hours at 150 rpm in orbital shaker. The contents were filtered through muslin cloth and filtered through whatman No. 1 filter paper and extract dried in a petridish at room temperature and used along with gum acacia @ 500 mg/kg body weight\[[@ref8]\] was given to individual animal with oral gavage needle.

### Experimental Design {#sec3-4}

Twenty four numbers of rats were grouped into three containing eight animals each were assigned for this study. Group I was considered as control group where only deionized water was given. Group II and III were orally administered with sodium arsenite @ 10 mg/kg daily in drinking water for 28 days. Additionally Group III was orally treated with hydro-alcoholic extract of *Tephrosia purpurea* extract (TPE 500 mg/kg daily) for the same time period.

### Body Weight and Sample Collection {#sec3-5}

Animals from each group were weighed on day 0 and 29. At end of the experiment, all animals were slaughtered on day 29, serum and liver tissues samples were collected and following parameters were estimated.

### Serum Enzyme Activity {#sec3-6}

Blood was collected into plain vials and Serum was separated and AST, ALT, ALP, Serum total protein were estimated on Erba-semi autoanalyzer (ERBA Diagnostics Mannheim GmbH, Mallaustr, 69-73, D-68219, Mannheim/Germany).

### Oxidative Stress Analysis {#sec3-7}

The pieces of liver thus collected after the sacrifice of the experimental animals were washed in ice cold saline and 200 mg of liver tissue sample was weighed and taken in 2 ml of ice-cold saline. For estimation of GSH, 200 mg of liver tissue sample was taken in 0.02 M Ethylenediaminetetraacetic acid The homogenate was prepared in Remi-Homogeniser and was centrifuged at 3000 rpm for 10 min. The supernatant was used for estimation of following oxidative stress indices. Superoxide dismutase was estimated as per the method.\[[@ref9]\] The extent of lipid peroxidation was evaluated in terms of MDA production, determined by the thiobarbituric acid method.\[[@ref10]\] The reduced glutathione level (GSH) was determined by using 5,5'- dithiobis-2-nitrobenzoic acid (DTNB) method\[[@ref11]\] in liver homogenate by using UV-VIS spectrophotometer (ECI, Hyderabad).

### Analysis of Arsenic {#sec3-8}

Total arsenic in liver was quantified by digestion, using tri-acid mixture of nitric acid, perchloric acid and sulphuric acid (10:4:1) following the method.\[[@ref12]\] The digested samples were diluted with deionized Millipore water, passed through Whatman filter paper No. 4 (Rankem, India) and made the volume to 10ml. Concentrated hydrochloric acid (5 ml) was added to it and shaken well. Then after 1ml of potassium iodide (5% w/v) and ascorbic acid (5% w/v) mixture was added and the aliquot was incubated for 45 min for transformation of arsenate to arsenite. The final volume was made up to 50ml with Millipore water and arsenic concentration read on Varian AA240 model AAS Atomic Absorption Spectrometer (AAS) equipped with vapour generation accessories. The operating parameters were: lamp, arsenic hollow cathode lamp; wavelength, 193.7 nm; slit width, 0.5 nm; lamp current, 10.0 mA; vapor type, air/acetylene; air flow, 10.00 L/min; inert gas for hydride generation, Argon. Reducing agent (Aqueous solution of 0.6% sodium borohydride was prepared in 0.5% w/v sodium hydroxide) and 40% hydrochloric acid (HCl) were prepared freshly before use. The working standards were 5, 10, 20 and 40μg/L and prepared by same procedure as test sample.

### Histopathology {#sec3-9}

Histopathology of Buffered formalin fixed liver samples were routinely processed, cut at 5μm and stained with H and E stain.\[[@ref13]\]

### Statistical Analysis {#sec3-10}

Statistical analysis was done by ANOVA using SPSS software version 17.0. A value *P* \< 0.05 (\*) and *P* \< 0.01 (\*\*) were considered significant at 5 and 1% level respectively.

Results {#sec1-3}
=======

 {#sec2-2}

### Gain in Bodyweight {#sec3-11}

The average body weight of group I, II and III were respectively 145.63 ± 1.40, 146.38 ± 1.43 and 147.38 ± 1.15 g. Animals of all the groups showed gain in their body weight during entire trial period but there was reduced body weight in group II on 29^th^ day as compared with other groups \[[Table 1](#T1){ref-type="table"}\].

###### 

Effect of sodium arsenite (10 mg/kg day p.o for 28 days) alone and in combination with *Tephrosia purpurea* extract (500 mg/kg day p.o for 28 days) in rats

![](IJPharm-46-197-g001)

### Serum Bio-markers {#sec3-12}

It is evident from [Table 1](#T1){ref-type="table"} that serum bio-marker levels of Alanine transaminase (ALT) and Alkaline phosphatase(ALP) were significantly (*P* \< 0.01) higher in both group II and III compared to group I, though the activities of these two enzymes were significantly (*P* \< 0.05) lower in group III compared to group II. Serum aspartate aminotransferase (AST) activity was increased significantly in group II, whereas there was no significant change of activity in group III compared to group I. There was significant (*P* \< 0.01) decrease in Serum Total Protein in both group II and III compared to group I, though there was significant (*P* ≤ 0.05) increase in group III compared to group II.

### Oxidative Stress Indices {#sec3-13}

[Table 1](#T1){ref-type="table"} shows that lipid peroxidation in liver tissue was significantly (*P* \< 0.01) higher in only arsenic treated group (group II) whereas *Tephrosia purpurea* treated animals (group III) showed no significant change in lipid peroxidation compared to the control (group I). Reduced glutathione level in liver was significantly (*P* \< 0.01) lower in both group II and group III compared to group I, though the level was again significantly (*P* \< 0.01) lower in group II compared to group III \[[Table 1](#T1){ref-type="table"}\]. There was no significant change in SOD activity in either of the groups \[[Table 1](#T1){ref-type="table"}\].

### Arsenic Concentration {#sec3-14}

Arsenic concentration was respectively 0.13 ± 0.02, 7.60 ± 0.34 and 7.26 ± 0.38μg/g in liver of group I, II and III \[[Table 1](#T1){ref-type="table"}\].

### Histopathology {#sec3-15}

The microscopic section of liver of rats fed with NaAsO~2~ (10 mg/kg) revealed varying degree of hepatocytic degeneration, characterised by vacuolar degeneration along with inflammation followed by hepatic necrosis. Hepatocytic necrosis depicted features of vacuolation of cytoplasm along with pyknosis and loss of cellular architecture. Multi focal mononuclear cell infiltration was also observed in degenerating parenchyma \[Figure [1a](#F1){ref-type="fig"}--[d](#F1){ref-type="fig"}\]. The microscopic section of liver treated with NaAsO~2~ (10 mg/kg) + TPE (500 mg/kg) in group - III, revealed reduced necrosis of parenchyma \[Figure [2a](#F2){ref-type="fig"} and [b](#F2){ref-type="fig"}\].

![(a) Microphotograph showing infiltration of mononuclear cells around central vein in liver of rat treated with Sodium arsenite @ 10 mg/kg (×400). (b) Microphotograph showing necrosis, degenerating parenchyma in of rat treated with Sodium arsenite @ 10 mg/kg. (×400). (c) Microphotograph showing the highly necrosed area, degenerating parenchyma and damaged cellular architecture in liver of rat treated with sodium arsenite @ 10 mg/kg. (×400). (d) Microphotograph showing necrosis and vacuolar degeneration in liver of rat treated with sodium arsenite @ 10 mg/kg (×400)](IJPharm-46-197-g002){#F1}

![(a) Microphotograph showing mild necrosis in liver of rat treated with sodium arsenite @ 10 mg/kg + *Tephrosia purpurea* extract @ 500 mg/kg. (×400). (b) Microphotograph showing reduced necrosis of hepatocytes in liver of rat treated with sodium arsenite @ 10 mg/kg + *Tephrosia purpurea* extract @ 500 mg/kg (×400)](IJPharm-46-197-g003){#F2}

Discussion {#sec1-4}
==========

Arsenic is highly toxic and corrosive to gastrointestinal tract resulting into partial anorexia and gastro-intestinal disturbances followed by loss of body weight\[[@ref14]\] in arsenic intoxicated animals, compared to control animals on day 29. *Tephrosia purpurea* possess a potent antioxidant activity, reduces increased oxidative stress and protects the tissues from the oxidative damage, which may be one of reason for normal increase in body weight in TPE treated group. Arsenic at high doses causes acute hepatic injury and hepatocellular necrosis causing leakage of hepatocellular enzymes into blood and the extent of injury to the hepatocytes is generally detected by the activity of AST, ALT and ALP in serum. Higher level of these enzymes in arsenic exposed animals was due to hepatic injury caused by the metalloid following 28 days of exposure. The increased levels of hepatic serum enzymes can be corroborated with the earlier reports.\[[@ref15]\] Lower activity of serum enzymes in *Tephrosia purpurea* treated group was probably due to the presence of flavonoids\[[@ref16]\] that produces hepatocellular membrane stability, prevention of cellular leakage and increasing hepatic regeneration. Liver is the main site of synthesis of proteins, therefore hepatic damage caused by arsenic leads to decrease in the levels of serum total protein in group treated only with NaAsO~2~.\[[@ref17]\] Arsenic toxicity results from its ability to interact with sulfhydryl groups of proteins and enzymes and inhibits electron transport and cellular respiration in mitochondria causing increase in hydrogen peroxide production which forms reactive oxygen species and oxidative stress.\[[@ref18]\] This study showed non-significant decrease in SOD levels in both the experimental groups (group II and III) as compared to control group. Superoxide dismutase is an important antioxidant enzyme responsible for the elimination of superoxide radical. The exhausted SOD levels observed in this study might be due to overproduction of free radicals in the body. The present study showed that lipid peroxidation was significantly higher in only arsenic treated group as compared to TPE treated group. The reduced glutathione level (GSH) in liver tissue was significantly (*P* \< 0.01) lower in both the experimental groups (group II and III) as compared to control group, however group treated only with NaAsO~2~ showed significantly much exhaustion of reduced glutathione level compared to TPE treated group. Reduced glutathione (GSH) is a sulphydryl (-SH) antioxidant in the body. It provides protection to the mitochondria from generated free radicals. The significant decrease in GSH level in liver of rat may be due to binding of arsenic and also might be due to increased ROS in arsenic poisoning.\[[@ref19]\] *Tephrosia purpurea* gives significant protection against oxidative stress induced by arsenic probably due to the presence of poly phenolic compounds and flavonoids in leaves having free radical scavenging activity and hepatoprotective activity.\[[@ref20]\] Tissue retention of arsenic increases with the length of exposure due to the lesser rate of excretion of arsenic than exposure which causes accumulation in tissues.\[[@ref21]\] Liver being the main workhouse of metabolism, arsenic was accumulated at high concentration in liver of the arsenic exposed groups in the present study. Arsenic concentration is higher in liver of animals in both the experimental groups (group II and III) without any significant (*P* \< 0.01) difference in accumulation between them, that indicates that *Tephrosia purpurea* may not have any effect in reduction of arsenic accumulation in liver. Histopathological examination revealed necrosis, vacuolar and inflammatory changes in liver of arsenic treated group. Similar results were also reported by earlier workers.\[[@ref22]\] *Tephrosia purpurea* possess potent antioxidant, anti-inflammatory and free radical scavenging activity. Thus it is able to protect hepatic tissue from arsenic induced free radicals and prevent inflammation and necrosis of the hepatic cells in *Tephrosia purpurea* extract treated group.\[[@ref23]\] This was confirmed on the basis of decreased necrosis, vacuolar changes in histological examination.

Conclusion {#sec1-5}
==========

*Tephrosia purpurea* possess flavonoids having antioxidant and free radical scavenging property, It reduces the oxidative stress caused by arsenic, by reducing the ROS production, maintaining the antioxidant potential and significantly reducing elevated serum bio-marker levels in the body. Our study shows that supplementation of *Tephrosia purpurea* extract (500 mg/kg) could ameliorate the hepatotoxic action of arsenic by reducing oxidative stress.
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